In this paper, new product development (NPD) is viewed as a process of knowledge creation through the syndication of diverse streams of knowledge. Cross-functional teams, which are increasingly becoming the preferred mode for organizing NPD efforts, are effective because they are ideal vehicles for such synergistic combination of complementary knowledge.
INTRODUCTION
As a result of intense global competition and fast-paced technological change in the current business environment, new product development (NPD) has emerged as one of the most important functions in today's organizations, In many industries, competitive advantage stems from being the first to the market and survival often depends on the speed at which new products can be developed (e.g., Hamel and Prahalad, 199 1; Wheelwright and Clark, 1992) . Because of the increasing competitive significance of NPD as an organizational cqxzhility, researchers have studied the phenomenon extensively. For example, the Marketing Science Institute has, on several occasions in the recent past, rated research in this area as one of its top priorities.
Researchers have examined the relationships between many independent variables and outcomes such as innovativeness and speed of completion of new product development projects (e.g., Cooper and Klienschmidt, 1987) ; new product design (e.g., Shocker and Srinivasan, 1979) ; market assessment of new product (e.g., Jamieson and Bass, 1989; Urban, Hauser and Roberts, 1990; Urban Weinberg and Hauser, 1996) ; organizational variables that impact the propensity of an organization to be successful at new product development (e.g., Nonaka, 1990; Olson, Walker and Ruekert, 1995) ; and role of national culture in development of new products O\iakata and Sivakumar, 1996) .
Within the NPD literature, considerable interest has been devoted of late to forms of suborganizational structure--i.e., cross-functional teams--that lead to a high probability of success of NPD activities (e.g., Gupta., Raj and Wilemon, 1986; Ruekert and Walker, 1957; Hise, O'Neal, Parasuraman and McNeal, 1990; Wheelwright and Clark, 1992; Workman, 1993) . Underlying this institutionalization of teams as the primary organizational vehicles for NPD is the realization that the process of NPD involves the syndication of diverse streams of knowledge. For example, pharmaceutical firms depend on a confluence of knowledge from chemistry, biology, medicine, and biotechnology (Henderson, 1994) . The cross-functional team for NPD is a vehicle for such integration of functional knowledge and competencies, and has been the subject of numerous managerial and academic discussions (e.g., Fortune, 1991;  Wheelwright and Clark, 1992) . The effectiveness of cross-functional teams as knowledge syndication vehicles is illustrated by the following quote from a Polaroid executive: "Our researchers are not any smarter, but by working together [in teams] they get the value of each other's intelligence almost instantaneously" Fortune (199 1). Responding to the urgency of the NPD imperative, as well as to managerial interest in organizational vehicles such as cross-functional teams, scholars have become intrigued by what constitutes an organization's ability to integrate individual and functional competencies, and to focus them on meeting NPD goals (e.g., Nonaka, 199 1; Hutt, Walker and Frankwick, 1995) .
Right from the "idea generation" phase to the "launch" phase, the creation of new knowledge can be viewed as the central theme of the NPD process. Using such a "knowledge creation" lens, this paper develops propositions on how to manage the NPD process so as to optimize the creation of new knowledge. Since teams are organizational forms that seek to integrate the knowledge resident in a group of individuals, the extant findings in the organizational knowledge literature are helpful in developing propositions about knowledge creation in teams. Therefore, we begin with an analysis of what knowledge is in an organizational context. Building on the dichotomy of explicit knowledge--i.e., knowledge that clearly spelt out and relatively easy to transfer--and tacit knowledge--which cannot be easily transmitted via books, blue-prints, or lectures--, we develop the construct of embedded Since embedded knowledge, as defined here, is an unobservable construct z we is knowledge.
explain the instrumental positivist position that theories built around unobservable constructs can be useful as long as they plausibly explain empirically observable reality. The embedded knowledge construct leads us to a conceptualization of the NPD process as the r~~~lization of new knowledge that is potentidy resident in the team. Further examination of this knowledge translation process suggests several NPD team characteristics that may significantly influence the efficiency and effectiveness with which the new knowledge is realized. Propositions developed on the basis of the organizational knowledge literature are validated and refined through interviews with managers drawn from three separate NPD efforts.
The knowledge management perspective of NPD proposed here can potentially benefit the marketing literature in two ways. First, it complements the current political (e.g., turf barriers), cognitive (i.e., interpretive barriers) and behavioral (e.g., communication barriers) treatments of cross-functional cooperation in organizations (Hutt, Walker and Frankwick, 1995) by offering an epistemological treatment. The added value in the knowledge management perspective is that it enables us to explicitly model those variables that impact upon knowledge creation and utilization in NPD teams. Such explicit modeling can potentially form the basis for designing managerial processes that specifically enhance knowledge interaction within the crossfunctional team. Second, it suggests some interesting research and managerial questions related to the current context of new product development. For example, what is the real impact of "Virtual Offices" on the effectiveness of new product development? What are the considerations that become important when NPD is undertaken in a strategic alliance context, where team members may not share the experience and cognitive background ideal for effectively creating knowledge? These questions illustrate the kind of real-life concerns that can be more fruitfully studied using the knowledge management perspective of NPD.
The rest of the paper is organized as follows. The following section discusses the current treatments of organizational knowledge. The difference between tacit and explicit knowledge is emphasized, as a basis for developing the construct of embedded knowledge. The importance of embedded knowledge in the NPD team context is then established. The next section briefly describes the methodology for selecting and interviewing team members of three different new product development teams. Thereafter, based on extant research findings and the interviews, propositions are developed. The paper concludes with some implications for researchers and managers.
KNOWLEDGE AND ORGANIZATIONS
Against the background of what several analysts have called the knowledge society (e.g., Drucker, 1993; ToMer, 1990) , researchers in strategic management and organization theory have shown renewed interest in organizational knowledge (e.g., Kogut and Zander, 1992) . The construct of knowledge is fundamental to understanding firms, as firms are essentially organizations that know how to do things (Winter, 1991) . This assumption is reflected in the long tradition, from Selznick (1957) to Zander and Kogut (1995) , of emphasizing organizational competencies and knowledge as key to strategic performance. While the topic of organizational knowledge has attracted much research attention, the inherent complexity of the construct has meant that researchers in different streams have conceptualized organizational knowledge differently. Fortunately, many of these conceptualizations are useful in the context of NPD, and we address the relevant ones next. Subsequently, we draw upon each one of the conceptualizations in order to advance some propositions.
Organizational Knowledge as Routines:
Organizational knowledge can be viewed from a "rotrtines" perspective, which has had a long and enduring tradition in the organizational literature (Stene, 1940; Simon, 1947; March and Simon, 1958; Cyert and March, 1963; Neison and Winter, 1982) . The concept of routine refers to the xf of reg&lr andpredictable patterns of organizational behavior (Nelson and Winter, 1982) . According to this view, firms are repositories of productive knowledge (Winter, 1991) , and this knowledge resides in the routines that underlie the behavior of organizational participants in working together. Nelson and Winter (1982) suggest that routines are the organizational counterpart of individual skills.
OrganizationaZ Knowledge as Memory:
While a routine-based conception of organizational knowledge focuses on how organizations do things (Winter, 199 l) , other researchers have concentrated on how organizations store and retrieve information from its history when making current decisions (Walsh and Ungson, 1991) . According to this perspective of organizational knowledge, organizational memory is viewed as the stored iqformationfrom an organization's history that can be brought to bear on present decisions (Walsh and Ungson, 199 1: 61) . Employing an information processing approach (Galbraith, 1977; Tushman and Nadler, 1978) , this perspective emphasizes three aspects of organizational memory: (1) its retention structure; (2) the processes by which information is organized, stored, and retrieved; and (3) the ways in which organizational memory affects outcomes (Walsh and Ungson, 199 1).
3. Organizational Knowledge as Absorptive Capacity: Named "absorptive capacity" by Cohen and Levinthal (1990) , this conceptualization of knowledge relates the firm's level of knowledge to its ability to recognize the value of new, external information, to absorb it, and to apply it productively. It is argued that the development of absorptive capacity is path-dependent, and that early lack of investment in a particular skill area may foreclose developing that capability later (Cohen and Levinthal, 1990) . Analogously, Kogut and Zander (1992: 384) have proposed the notion of a combinative capability, which they see as the ability to "synthesize and apply current and acquired knowledge. "
4.
Organizatimal Knowledge as Group Intelligence: Finally, organizational knowledge can be studied from the "grozrp intelljgefzce" perspective. This perspective has received attention in the psychology area (e.g., Hill, 1982; Williams and Stemberg, 1988 ) but does not appear to have been directly applied to the study of organizational knowledge. However, this perspective does have utility from an NPD viewpoint, as we shall demonstrate later. Studies in this area have shown that groups perform significantly better than individuals at tasks which emphasize divergent and creative solutions (Hill, 1982; Sneizek and Henry, 1989) . However, groups were not necessarily better than individuals in all situations. For example, Hackman (1983) argued that homogeneous group members, while getting along well together, may lack necessary diversity, while excessively heterogeneous groups may be ineffective in putting their rich talent to use due to differences in values and perspectives (Williams and Stemberg, 1988) . Further, it was found that both cognitive (e.g., IQ), and social-cognitive (e.g., self-awareness) attributes were related to group performance (Williams and Stemberg, 1988) , emphasizing that group composition needs to take into account both the technical abilities of members, and their competence at combining their knowledge with that of their colleagues.
The Tacit Component of Organizational Knowledge
One factor that is increasingly being considered in many of the above treatments of organizational knowledge is the role of tacit knowledge. The philosopher Polanyi (1967) is credited with being the first to conceptualize tacit knowledge as knowledge that cannot hefl&'y explicated even by an expert and can he tran.yferred@om one person to allother only through a longprocess of apprenticeship. His famous dictum, "We know more than we can tell" (Polanyi, 1967: 4) , points to the phenomenon that much that comprises any human skill remains unarticulated and known only to the person who has that skill. In contrast, explicit knowledge is relatively easy to articulate and communicate, hence to transfer between individuals and organizations. Explicit knowledge resides in formulae, text books, or technical documents.
Analogous to the tacit and explicit dichotomy, Zuboff (1988) makes a distinction between embodied or action-centered skills and intellective skills. Action-centered skills are developed through actual performance (learning by doing). In contrast, intellective skills combine abstraction, explicit reference, and procedural reasoning making them easily represented as symbols, and therefore easily transferable (Zuboff, 1988) .
Though initially conceived of at the individual level, tacit knowledge has been recognized as existing in the organization as well. For example, Nelson and Winter (1982) point out that a great deal of organizational knowledge remains tacit because it cannot be efficiently explicated using formal language, and because it is impossible to describe all aspects necessary for success&l performance. They argue that creating an effective organization is not a matter of implementing a set of "blueprints"; much of the crucial know-how required resides only in the minds of the organization's members. Tn a similar vein, Kogut and Zander (1992) differentiate between information (e.g., facts) and know-how (e.g., how to organize factories). The listing of ingredients in a recipe consists of information, but the description of action steps is at best an imperfect representation of the know-how required. Spender (1993) has hinted that an appreciation of tacit knowledge is key to understanding the relationship between knowledge and The conceptual distinction between tacit and explicit knowledge also appears in Reed lippi's (1990) discussion of causally ambiguous competencies as a source of e competitive advantage. They argue that a basic ambiguity about the causal links between actions and results can be an effective barrier to imitation, and thus be a possible source of sustainable competitive advantage. They describe tacitness as residing in the inability of even a skilled individual to explicitly spell out the decision rules and protocols that form the basis of performance. Similar distinctions between explicit and largely tacit knowledge in organizations have been made by Scribner (1986) , Nonaka (1991) , Hedlund and Nonaka (1993), and Bohn (1994) .
The above discussion points to the theoretical and empirical validity of a tacit component of organizational knowledge. Recently, the notion of tacit knowledge in organizations has been further refined. Spender (1993) suggests that the tacit component of organizational knowledge can be subdivided into two categories -one that exists in individuals and another that exists in groups. The group component or the social element is "communal knowledge", and draws on communal memory and institutions. Thus, organizational participants operate as part of a cohesive community of practice (Brown and Duguid, 1991) . For example, studies have shown that repairmen learn more about fixing copiers by "hanging around swapping stories" than from company manuals (Fortune, 1991: 50) . Similarly, Badaracco (1991) conceives of tacit knowledge as existing in individuals or groups of individuals. Badaracco (199 I) argues that the social and administrative networks of the organization carry complex information patterns.
Knowledge resides in social relationships, and in patterns of coordination between individuals in a team. Badaracco (199 1) refers to such knowledge in individuals and in social groups embedded knowledge.
We borrow the term embedded knowledge from Badaracco (1991) but define it more precisely. As soon as members of a team get together, there is potential for the team to create new knowledge. This new knowledge is a result of a combination of explicit as well as tacit knowledge. Combining explicit knowledge is rather easy; whereas the degree to which the potential new knowledge due to the integration of tacit knowledge is realized depends on several variables. It is this domain of integration of tacit knowledge that is interesting and, therefore, we conceive of embedded knowledge as the potential knowledge resultingfiom the combination of the individual team members ' stores of tacit bow/edge.
In the new product development context, a cross-functional team is brought together because its members have collective knowledge that cannot be efficiently held by any of its individual members. However, this collective knowledge is not present by definition when the team is assembled--it is only potentially present. We characterize the NPD team as a product development vehicle that brings to its task knowledge that is embedded in its members and in their interactions as a team. Further, the new product that emerges from the successful NPD team may be characterized as embodying that collective knowledge (Nonaka, 1991) . The NPD team has embedded knowledge; the new product is embodied knowledge--therefore, one way to describe the task of NPD is as managing the transition from embedded knowledge to embodied knowledge. From this perspective, knowledge management is an important component of NPD. Such a conceptualization of NPD allows us to leverage the findings of the knowledge management literature, an evolving body of work yet to be properly utilized by marketing scholars, into the current inquiry into NPD teams.
METHODOLOGY
Since our goal was to develop an knowledge-based treatment of the NPD process, we chose a theory development orientation for the paper. We used the literature on organizational knowledge as a starting point for examining NPD as the transition from embedded knowledge to embodied knowledge. Each conceptualization of organizational knowledge motivated propositions linking NPD team characteristics and the transition from embedded to embodied knowledge.
Parallely with the development of the propositions from the theory base, we conducted in-depth interviews with team members involved in three separate new product development ventures in three different organizations. The purpose of these interviews was two-fold: First, we sought to get a first-hand feel for the relevance and face validity of our framework. While the results are not being proffered as "proof' of our framework, the interviews helped us to confirm that our theory-based assertions were in line with managerial experience, and thus provided a sound basis for theory development (Yin, 1989) . Second, we looked for input from managers that could be used to guide the theory development process itself. In this aspect, we followed the spirit of grounded theory development (Glaser and Strauss, 1967) .
Sampk:
Following the systematic replication logic advocated by Yin (1993) , three NPD teams from three different corporations were carefully chosen to reflect a range of relevant characteristics. Three different industries were represented: traditional manufacturing, hightech, and business services. The corporations varied substantially in size as well. One company was a very large Fortune 500 company, another was a large manufacturing firm with global business dealings and the third was a small regional firm. Finally, the projects were chosen so as to reflect a varying level of innovativeness of the new product being developed. One team was engaged in developing better processes for order management. Even though sophisticated robotics equipment were being incorporated, the innovativeness of the output was not high. The cross-functional diversity in this team was the least, as most members were operational staff who were involved in the day-to-day functioning of the order fulfillment system. The second team was developing a software product. Compared to the previous team, this team was "more" cross-functional in the sense that they brought in diverse knowledge bases, including Human Resources, Payroll, and MIS (System and Programming) departments. The third team consisted of individuals from R&D, marketing and manufacturing. This team had developed and commercialized a really innovative product on which the company held several patents. Thus, the three cases together represent a wide variety of NPD contingencies.
Data Collection and Analysis:
Following the guidelines available in the literature (e.g., Eisenhardt, 1989) , we conducted semi-structured interviews with team members. Though we guided the discussion to ensure that the interviewees covered the topics we were interested in, we were careful to allow them to use their own words to describe the dynamics of their NPD teams. We also avoided leading questions, such as "Do you think Rich Personal Interaction is helpful in creating embedded knowledge"? Each interview lasted approximately one hour. All interviews were tape-recorded and transcribed.
In analyzing the interview data, we looked for interviewee opinions that fell into three classes: 1) those that supported our current thinking; 2) those that conflicted with our current thinking; and 3) those that presented new thoughts. In the latter two cases, we went back to the literature to help clarify the issues concerned. This "grounded" (Glaser and Strauss, 1967) process resulted in the theoretical framework presented next. In our presentation of the hypotheses, we do not make any distinction between the hypotheses that were stimulated by the literature and those that were motivated by interviewees' comments. It is perhaps important to point out that not every member of all teams made comments related to all the hypotheses which points to the contribution of such a study.
PROPOSITIONS: EMBEDDED KNOWLEDGE TO EMBODIED KNOWLEDGE IN TEAMS
The construct of embedded knowledge plays a different role in the propositions developed here as compared to constructs in some other nomological frameworks. Essentially, in our development the construct of embedded knowledge remains unobservable. From a philosophy of science perspective, such a usage has both legitimacy and merit. Logical positivists, in general, have espoused a verificationist stance with respect to unobservable constructs, arguing that only empirically verzjiabk objects have meaning (Hacking, 1983) .
However, this extreme position has attracted criticism, since it has rendered logical positivism unable to handle theories heavily reliant on unobservable constructs, such as quantum physics (Putnam, 1990) . In response, positivists have moved towards a more flexible instrumental position that acknowledges the value of unobservable constructs in science (Godfrey and Hill, 1995) . The essence of the instrumental positivist view is that unobservable constructs can have value if their use leads to empirically verifiable predictions (Friedman, 1953) . For example, the economist's construct of marginal utility is valuable, even if human beings can never be observed to be computing marginal utilities, as long as it helps in accurately predicting human economic behavior (Godfrey and Hill, 1995) . In sum, in the instrumental position unobservable constructs need not be converted to observable constructs to have merit. In this view the unobservable construct can remain in the background as long as it can make predictions about the relationship between two or more observable constructs.
Unobservable constructs, that remain unobservable, can often be seen playing a useful role in organization and management theory development. A number of influential theories in marketing and strategic management, including transaction cost theory and the resource-based view of the firm, have unobservable constructs at their core (Godfrey and Hill, 1995) . In their study of organizational memory, Walsh and Ungson (1991) conceptualize the organizational memory construct as one that the researcher invokes to explain a part of a system that is not easily observable. Thus, the construct was not treated as a variable with dispositional properties that interacts with other variables to produce observable outcomes (Walsh and Ungson, 1991: 61) . It is in the same spirit that we conceive of the construct of embedded knowledge.
Consistent with the instrumental positivist position, we argue that the construct of embedded knowledge, though unobservable in itself, serves as a basis for the observable relationships between other variables hypothesized in our framework.
Embodied knowledge is the tangible new product that is developed because of the conversion of embedded knowledge. To judge the success of a new product development process, several dependent variables can be assessed, including but not limited to -the time it takes to develop the product, the number of iterations the product goes through to remove errors and flaws in the product, the fit with the market it was intended for, and the commercial success of the new product. In our case, the management of the NPD process from a epistemological perspective impacts all these variables in the same manner. We, hence, state the dependent variable as "efficiency with which embedded knowledge is converted to embodied knowledge".
In testing of hypotheses, any one or more of the measurable dependent variables can be used.
Hypothesized Relationships
When a team of individuals come together to develop a product, the individuals' stocks of tacit knowledge gives rise to embedded knowledge. Whether this embedded knowledge gets efficiently converted to embodied knowledge (the new product) depends on how the NPD is managed. (The term efficiency as used here takes into account both the input as well as the output of the process.) The major issues addressed by our framework are: the identification of the controllable NPD process variables that impact the efficient conversion of embedded knowledge to embodied knowledge, and the nature of the impact. Past Ejcperience in NPD Trams: The first conceptualization of organizational knowledge discussed above was the routines perspective. In this view of organizational knowledge, organizations develop and retain effective routines by doing. Nelson and Winter (1982) assert that doing is important because a significant portion of organizational knowledge is tacit.
In the context of the NPD teams we studied, the notion of tacit knowledge was expressed by respondents from all the three teams we interviewed. For example, some of the comments were:
"(regarding using documents instead of personal communications) it would be a massive document . . _ (moreover) you and I all reading the same 3 pages would walk away with 3 interpretations. . . . Who is going to read those 3 papers and interpret. Where do you find that one person . . . I don't know anybody who can sit down and pull it all together_" "It's very difficult to explain something with text, or even with pictures. You need interactive communications to gain understanding." "(for developing a high -tech product) so there is what I'll call 'fundamental intuition' as to the components that we needed to succeed."
In the context of MDTs, the knowledge (routine) of how individual stock of tacit knowledge is to be combined is tacit. Team members who have worked in NPD teams earlier would have developed their own routines for the combination of individual stores of tacit knowledge and hence would be more effective NPD team members. As one member of a team claimed, "at any rate, the team members that have been on successful team would be something to shoot for . . . they know how to work on teams." Hence we propose:
Pla: Past Experience in NPD teams is positively related to the efficiency with which embedded knowledge is converted to embodied knowledge.
In addition, if team members have worked with current team members earlier as well, their routines of how to combine individual stocks of tacit knowledge are more specific to the personalities of the team members. Such a combination of team members would be more effective than a group that has not worked as a team before. Following quotes from some members of the teams reflect this:
"We didn't have a hard time working together . . . but that could have been from the fact that we worked together before." "The fact that we knew each other and the way we worked, we were able to expedite things slightly." " I think it's significant from this standpoint: when we were brought together, we had worked together (before) . . . I think that we have a relationship that we can work and build on; we've got a certain element of trust and confidence in one another; it would be a very easy transition to do." "If there was any strength that came from that, is that we knew one another." "And this knowledge base that we gathered dealing with one another . . . we continue to add to what we've got, but if we go into another job, we have had the element of some experience to take on to some other." "And I think one of the reasons that we have been successful (in this new product) is that we have been together since the formation of this business unit."
We thus propose:
Past Experience in NPD teams with current team members is more positively related to the efficiency with which embedded knowledge is converted to embodied knowledge than Past Experience in NPD teams with other individuals.
Shared Experience : The second conceptualization of organizational knowledge discussed was the memory perspective. Organizational memory is the stored information from organization's history that can be brought to bear on present decisions (Walsh and Ungson, 1991 and Hedlund and Nonaka (1993) , it may be argued that the articulation, internalization, and reflection of tacit knowledge are facilitated by the availability of a common "language" that is rich in symbolic imagery and metaphor. This assertion is undergirded by the premise that the organization is a network of intersubjectively shared meanings sustained by a common language and interpretive schema (Walsh and Ungson, 1991; Daft and Weick, 1984; Burrell and Morgan, 1979) . Since the transfer of tacit knowledge is heavily dependent on figurative language and symbolic meaning, e.g., metaphors (Nom&a, 1991) , it is facilitated by the availability of a common language that all MDT members feel comfortable with. We argue that the amount of Shared Experience that team members bring to the team is an important factor in the availability of such a common language which would aid the process of conversion of embedded knowledge to embodied knowledge. Thus, a team with members who have had cross-functional experience before will be more effective than one with members who have had narrow, one-function careers. Prior cross-functional experience provides team members with a common base of experience, and thus compatible interpretive schema. This would explain why the Japanese, whose managers typically rotate through many functions during their career, have had relatively greater success with cross-functional teams. Several comments from respondents point to the importance of Shared Experience.
"That is where cross training is very important to understand everyone's needs. That was one problem we had without the team, I was buying most of the stuff. There were 3 salespersons upstairs sending down information, I didn't know what was important because I wasn't involved with the customer at that time." "We want them to walk in the other guys shoes to see what goes through. You go out there and it is 100 degrees and you wonder why someone might be upset or it is cold, the door opens every time and you think do I want to be back there. We want those guys up here and get 100 phone calls everyday, the ridiculous demands the customer has. It is real easy to sit in the shop and tell them no. You go up there and tell the customer no and look at the ramifications." "(if the five team members did not know one another's job) it wouldn't be a team." However, the relationship between Shared Experience and the effectiveness of knowledge use and creation is not a linear one. While a certain amount of Shared Experience is necessary for the effective articulation, internalization, and reflection of tacit knowledge (Hedlund and Nonaka, 1993) and, hence, conversion of embedded knowledge to embodied knowledge, too much of it may be counterproductive. As an example, the prevalence of groupthink in highly cohesive groups has been extensively documented (Janis, 1982) . Besides, too much of Shared Experience would negate the very premise of a cross-functional team, which is that the interaction of different functional perspectives leads to creative solutions (Simon, 1985) . The following comments elucidate this point.
"I have been here 5 years, 1 have a basic working knowledge of what they do in a lot of areas but there is no way I could do 's job because the knowledge that he has. He can accomplish a lot by the contacts he has, the people he knows . . . so there is no way . that I could duplicate." "I had a little understanding of what their motivations were, and what their metrics were, so I knew where we were alike and where we were different."
Thus, we argue that there will be an inverted-U-shaped relationship between the level of Shared Experience within the MDT and its effectiveness in the use and creation of knowledge.
As such:
The extent of Shared Experience within the MDT will be related in a curvilinear fashion to the efficiency with which embedded knowledge is converted to embodied knowledge. At very low and very high levels of Shared Experience, the efficiency will be low. The efficiency will be highest at medium levels of Shared Experience.
Information Redwdancy: The absorptive capacity notion of organizational knowledge leads us to another process variable that is under management control. It was mentioned earlier that absorptive capacity is the ability to acquire and process new information (Cohen and Levinthal, 1990) . It is well accepted by now that the value of a piece of information lies in "the eye of the beholder". Research in developmental psychology suggests that the individual's ability to make sense of new information depends on the breadth of categories into which prior knowledge is organized, the differentiation of those categories, and the linkages across them (Bower and Hilgard, 1981) . Since the categorization of prior knowledge is highly specific to an individual, this provides the rationale for why different NPD team members will draw different meanings from an identical piece of information. A potentially important piece of information may go unnoticed if viewed from a wrong lens. Thus, Information Redundancy-&e sharing of illformation over und above the minimal amowt reqcired by each person to do the job-is fundamental to innovation (Nonaka, 1990) . A policy of actively promoting Information Redundancy is a good way to encourage the serendipitous interaction of ideas and people that is often the source of innovation (Mezias and Glynn, 1993; Nonaka, 1990) . If the design of the team incorporates traditional gatekeeper roles (Rogers and Rogers, 1978) either in the interests of reducing information overload, or out of political motives, there is a danger of losing these advantages. Information Redundancy has an additional advantage as well. As Zand (198 1) pointed out, information sharing is very closely associated with trust, Nonaka (1990) argues that Information Redundancy increases the possibility of trust between organization members.
Comments from team members support this notion.
"Anything we do, we are putting on the table so the 3 of us can (figure out) the best way to snack." "It might be recognized that somebody may make a decision thinking this doesn't affect anybody, when it may have significant impact in other areas." "We, as a management team, decided that we need to share information on anything that affects our interaction together, or outside interaction." However, as in the case of Shared Experience, Information Redundancy could also be related in a curvilinear fashion to the team's effectiveness of knowledge use and creation.
Excessive Information Redundancy can potentially engender both groupthink (Janis, 1982) and information overload (Nonaka, 1990) . Thus, we argue that there will be an inverted-U-shaped relationship between the level of Information Redundancy within the team and its efficiency in converting embedded knowledge into embodied knowledge. Typical remarks regarding this notion were: "(the more information the better?) definitely, within the context of the project, . . . I don't want to know every possible use for The 65 Screen, just related to payroll." "(what information he shares?) probably only if it is relevant.. . I wouldn't say I wouldn't, but it wouldn't be a big priority on my (list)." "If I have a problem with the machine I might not bring it to the team because I might be able to fix it, but if it is going to impact the customer or the performance (of the team) then I will bring it (to their notice)." " You can't bring everything that happens to the team, you are going to bog it down with trivial detail and not get a lot back out of it. At the same time you want everyone in the team to know what is happening to the customer, (if) the team is going to be responsible when something goes right or somethin g goes wrong, the members (should) know about the business make-up . . . you would like to keep people educated to some extent on issues," "If you have a customer that has a requirement, everyone on the team should know that because we are all trying to please that customer . . (otherwise) . . . it would depend on whether they really need it." "For example, manufacturing . . . how well that is done depends on the design. So I can't just say that design is somebody else's job; I really want to get in the face to try to make them more knowledgeable in the (manufacturing) process. Yet I know that there is a gap there in between; to where you have different responsibilities; you don't get in my back yard, and I don't get in yours."
P3:
The extent of Information Redundancy within the cross-functional team will be related in a curvilinear fashion to the efficiency with which embedded knowledge is converted to embodied knowledge. At very low and very high levels of Information Redundancy, the efficiency will be low. The efficiency will be highest at medium levels of Information Redundancy.
Richess of Personal hrteraction:
The recognition that knowledge has a tacit component increases the importance of some other dimensions to managing cross-functional teams. One such dimension is Rich Personal Interaction -consisting of Direct (i.e., face-to-face), Frequent,
and ZnformaZ communication -between team members. It is well accepted that interactive communication among organizational participants is beneficial to the functioning of the organization (Luthans, 1992) . As contrasted with vertical communication, interactive communication is believed to facilitate task coordination, problem solving, information sharing, and conflict resolution (Goldhaber, 1974) . While some researchers have argued that open, interactive communication is not always equally beneficial (Eisenberg and Witten, 1987) it is generally accepted that the richness of personal interaction within a team is a crucial determinant of effective knowledge utilization and creation within the team. Open and extensive communication among team members is a factor that is also emphasized by political, cob@tive, and behavioral, treatments of NPD. In those treatments, it is implicitly assumed that Rich Personal Interaction will produce, as a by-product, the combination of individual and functional stocks of knowledge. However, the current epistemological treatment, which recognizes the tacit component of knowledge, adds value by suggesting directly knowledge-based reasons for why such communication should be a part of NPD team practice. Thus, the suggestion here is that cross-functional teams are more than "touchy-feely" exercises (Fortune, July 11, 1994), and that they have direct, "technical" effects on knowledge integration. By isolating the effect on knowledge interaction, such a perspective allows us to develop specific mechanisms aimed squarely at stimulating such interaction, rather than as a by-product of social interaction. Our reasoning is as follows.
Nonaka (1994) has proposed a model of organizational knowledge creation as a continuous dialogue between tacit and explicit knowledge. Although ideas are born in the minds of individual human beings (Hudson, 1994) their development is critically shaped by the interaction between individuals. Thus, knowledge development has two dimensions: epistemological (i.e., tacit versus explicit knowledge), and ontological (i.e., the level of social interaction which serves to amplify and crystallize knowledge that resides in individuals). This leads to the expectation that team members cannot effectively utilize or create new knowledge without being able to interact directly (Le., face to face). Since much of the knowledge being shared cannot be articulated, team members will benefit from being able to work together and to see each other working. Direct interaction allows the use of a "multiplex" communication pattern, employing both verbal and non-verbal means. In comparison, indirect interaction, through e-mail or telephone, for instance, will not be as effective. It is widely accepted that people who work closely together also communicate more with each other (Gullahom, 1952) .
Both Keller (1986) and Pinto, Pinto and Prescott (1993) have found that the physical proximity of project participants is associated with project success. There is also evidence that managers take this into consideration when designing work settings. For example, Reich (1992) reports that a research facility was built with escalators rather than elevators, because it was found that engineers tended to interact with their counterparts on other floors if escalators were available.
Similarly, a recent Fortune article (July 11, 1994) notes the paradox that the more dispersed a Workgroup, the greater is the need to meet face-to-face. A recent article in the New York Times (1995) also points to the necessity of direct contact. "Prodigy Services Company, one of the country's leading on-line computer services, is relocating its corporate headquarters from White
Plains to lower Manhattan, its president and chief executive, Edward A. Bennett, said today.
Prodigy's move says much about the way business is conducted in the age of cyberspace. For all the efficiency of communicating by E-mail, modem and fax, even high-tech companies still put a premium on old-fashioned, face-to-face contact. Mr. Bennett said he hoped to spruce up Prodigy's on-line offerings by relocating programmers, producers and marketing executives to Manhattan, where they can draw on the talents of a growing subculture of graphic artists, writers, software designers and film makers."
Nowhere is the need for direct contact greater than in the case of the cross-functional team, where merely "transactional" encounters over e-mail, fax, or occasional meetings are not effective vehicles for the creative integration of knowledge. Interviewees confirmed this notion:
"I can't really tell by talking on the phone if you have a frown on your face because you are concerned about the detail on the graph. So based on how someone is presenting their self is how comfortable they are about what they are presenting." "When you get a group of people in the room together, you build a team. I can have 4 people on the phone and not have a team atmosphere." " So what I found out that talking to people on the phone is fine for a few general questions, but to have a in-depth talk it is better getting together." "You see facial expressions, hand actions . . . " "Let me go to the beginning where we were all separated among the building . . . so the 2 floors lost a lot of communications and urgency with the customer . . . when the phone rings and the customer needs 10 orders out today. They (workers in the distribution area) don't understand that at this point. So we have to get the distribution in the office to see how this works." "Our biggest problem that we had was there was a wall between purchasing and sales and there was another wail between the shop and the sales. Everything was done by (computer screen), the two departments were on two different floors, you couldn't get an answer. One was blaming the other. But now everyone is working on the third floor together." "Information would lose its meaning . . . to hand someone a piece of paper . . . just the way people talk, you can get something out of their voice . . . body language . . . to let everyone know the degree of urgency . . . if I send out a piece of paper . . . no one is going to do anything about it." "The job done is more accurately with face-to-face . . . 'if I had known that you needed 500 pieces I would have quoted you differently' . . , with team it happens less now." "The old way, for us to get cost information, we had to do it through the computer, it would create a request that was costly. That would go to another floor in the building, we couldn't see face-to-face. We get a cost estimate based on whatever information I could provide them and they would have to fill in the holes." " We kept doing things like enhancing the phone system, communication screens, all these tools . . . but as much as we tried this company (in the distribution business) had a problem with sales department and purchasing department . . . a lot of pushing back and forth. We had trouble understanding what the other guy was going through. We always had trouble getting things accomplished quickly enough . . . You can't say enough on the screen to get the other guy to get the information to you on time. You can't convey enough on the screen to get the other guy to get the information to you on time, You can't convey enough." "Put these people together in one room so they could all experience the urgency."
Thus:
P4a: The ability of MDT members to interact Directly will be positively related to the efficiency with which embedded knowledge is converted to embodied knowledge.
Another aspect of rich interaction is the Frequency with which team members are able to interact. If interaction is direct, but occasional, it is unlikely that team members will get sufficient opportunity for articulation and internalization and, hence, for conversion of embedded knowledge to embodied knowledge (Hedlund and Nonaka, 1993) . The physical proximity finding, cited earlier, that proximity alone may not be sufficient underscores this point (Pinto, Pinto and Prescott, 1993) . A response regarding co-location by one manager highlights this argument, "even if factory was in this office, R&D was in the next office, market management in the next office. co-located, we could have the same problem if we weren't talking to one another."
Given the nature of communication required for the combination of tacit knowledge stores, team members would need to interact on an almost continuous basis. In addition, frequent interaction between team members can contribute to the building of strong ties between them (Krackhardt, 1993) , which further facilitates the use and creation of knowledge within the team -"the frequency of face-to-face tends to kind of establish that bonding that takes place between individuals.. . you renew a sense of trust."
Office culture ("We encourage our staff getting together and brainstorming"), and personal preferences ("I keep an open door") are likely to influence the frequency of interaction Thus:
' P4b: The ability of MDT members to interact Frqmently will be positively related to the efficiency with which embedded knowledge is converted to embodied knowledge.
A third aspect of rich interaction is the ZL$&VXZ!~~~ of interaction within the crossfunctional team. Warren Bennis has noted that "informality inevitably increases" in networks (Fortune, July 11, 1994) . The need for direct observation and figurative communication (Nonaka, 1991) implies that informal interactions are a must in MDTs. In contrast to traditional models of information processing in organizations, which implied that formal procedures and designated roles would determine information flows, current research confirms the intuition that social ties between individuals affect information flows. For example, Stevenson and Gilly (1991) found that managers often avoid dealing with formally designated problem solvers, and use personal ties to pass on information. Since patterns of information flow can determine who gets what kind of information when, and such information is the basis for managerial decisions, it can be argued that the set of social arrangements has a major influence in the effectiveness of the organization. A study by Meyers and Wilemon (1989) found that informal networks (informal discussions, knowledge transferred with team members to other projects, and friendship ties) were much more significant than formal channels in transferring learning.
In addition, recent research indicates that formal, planned approaches may be less than ontimal in inducing innovation CM ezias and serendipity in creative problem-solving is innovation as arising from the "interaction Glynn, 1993). Increasingly, the role of chance and being recognized. Some authors have described between necessity and chance, order and disorder, continuity and discontinuity" (Nom&a, 1990: 27) . Simulation studies have demonstrated the need to introduce variance into routine processes designed to generate innovation (Mezias and Glynn, 1993) . Japanese firms, for example, are reported to encourage informal mixing after hours, and some U.S. high-tech firms are known for their "Friday afternoon beer busts". These devices encourage informal knowledge-sharing, and may also be useful in introducing random variance into the innovation process. An article that appeared in the Wall Street Journal (1994) emphasizes the importance of informality in today's environment. "Paul O'Neill, the chairman of the Aluminum Co. of America, is moving out of his lush executive suite into a spartan cubicle. "The guys doing purchasing are 15 feet away from me. Sometimes I hear stuff just from overhearing a phone call. I will hear on the phone, you think you are working on your own desk but things have a way of building up . . . you are picking up things all the time." "I got a long cord on the phone and I walk over to his desk . . . and I have an instantaneous response for our customer . . . and I will walk back to the machine shop, my cord reaches back there." "There are things that you pick up just by being there." "He would not have thought that it would have been important to me. But I picked it up because, you know, my antenna was up listening." "(Informality) moves the process along much quicker, just by bumping into one another in the hallway, in the men's room, over lunch."
. Thus we propose:
P4c: The ability of MDT members to interact Informally will be positively related to the efficiency with which embedded knowledge is converted to embodied knowledge.
Degree of Professional T'rst:
Given the emphasis on tacit knowledge, which is unarticulable by definition, it may be argued that a high degree of Professional Trust between team members is necessary to ensure the effectiveness of knowledge use and creation within the team. This is because members may need to accede to the professional judgments of their colleagues from other functions, without being able to understand fully how those decisions were made. Authors such as Zand (198 1) have established that trust is critical to the effectiveness of problem solving groups. The lack of an atmosphere of trust will lead to the withholding of information, attempts to influence decision making towards narrow interests, and attempts to divert resources away from team goals @and, 198 1). If trust is a crucial factor in organizations in general, it is even more critical in a cross-functional team. The withholding of information due to a lack of trust can be especially harmful to the process of knowledge articulation, internalization, and reflection (Hedlund and Nonaka, 1993) . Krackhardt (1993) has argued that change is facilitated by strong ties between organization members, which constitute a basis of trust. Thus, we posit that the degree of Professional Trust in a cross-functional team would be a good predictor of the efficiency with which it converts embedded knowledge into embodied knowledge.
Research has identified several factors that determine the level of trust between organization members @and, 198 1). One of the most important of these factors is the estimated
Competence of other members (Zand, 198 1 participates as a team-player, and how one perceives others as team-players are critical to the effective functioning of the team. In a broader context, research in psychology has established that social-cognitive attributes (such as dominance) were better predictors of group performance than purely cognitive attributes (such as IQ) (Williams and Stemberg, 1988) . This motivates the argument that the "social-cognitive" trust in the team orientation of a fellow team member may be more significant than the more "cognitive" trust in that individual's professional capability.
This might be so because if a particular capability is not available in a team, the relevant team member can always "buy" that resource from outside the team.
Corroborating the above points are the following quotes:
"As we were pulling together the teams, it wasn't the knowledge level of that was the issue, and it wasn't my knowledge level and it wasn't really 's knowledge level; it was their managerial skills . . _ and having the confidence in them that they would bring in the right people that would allow us to get to these things." "I just don't take any electrical engineer. I look at how well they get along with people, . . . communicate, . . . leadership." "I would have to know that the person knows what he is suppose to (Competence) . . . you can have a very knowledgeable person but he will stab you right in the back so you have to make sure they are trust worthy." "It depends on how you interact with the person. Is the person willing to listen? Does the person do all the talking? There are people that I would not want to work with, they may be very competent, but the interaction is so difficult that it is painful."
Hence, we propose:
P5c: The trust in Team Orientation of team members is more positively related to the efficiency with which embedded knowledge is converted to embodied knowledge than trust in other team member's individual Compe tencies is.
Nascency of the Project:
The findings on group intelligence and group decision making show that groups perform better than individuals in tasks when the problem is unstructured (David and Toseland, 1987; Williams and Stemberg, 1988, Sneizek, 1990) . Such a situation is expected to be present during the initial phases of the NPD task. In the initial phases, the focus is on finalizing the specification of the product to be developed during the subsequent phases.
Input from all the functional areas can significantly influence the specifications of the product. A continuous interaction between R&D, engineering, manufacturing, marketing, etc. is necessary in order to arrive at a final product that will have good customer acceptance. Once the specifications are frozen, each functional representative can work relatively independently, with interaction only on a need basis. In general, over the life of the project, the NPD "problem" becomes increasingly more structured and explicit. Accordingly, the role and signiticance of team mechanisms based on embedded knowledge will be highest in the initial stages of the project.
As some team members put it:
"the biggest struggle was trying to decide what it was that we were trying to accomplish." "(Without face-to-face) it would have been difficult, especially in the beginning. In the beginning, it would have been impossible." "Initially when we started, we found that getting together very frequently was imperative. Even though our style right now is we communicate almost daily by telephone, whether we get together is not so critical. But during the early phases of the project it was critical that we were together face-to-face." "Monthly video conferences can work, but you really need the face-toface meetings initially to understand each other's strategy, and where we're going, and where they are going. I'm not saying it can't be done, only I don't think it's efficient." "It started out by sharing too much. Then I finally got to the stage where I would ask, are these topics important . . . things that I used to share that I don't share anymore are like project status where they get into a lot of detail. Too much information. Too much detail that they don't need to know . . . we have agreed on critical areas (on which to share information)." "I think initially it (personal interaction) helped to build trust, but after we met and passed the trusting phase, it's not required." "(Now) it's (information sharing) somewhat more selective, but it's still open; I mean there's no hidden information; there's no hidden plans, no hidden agendas." "In the formulative stage of these projects, face-to-face meetings are much more productive."
The impact of the above variables on the efficiency with which embedded knowledge is converted to embodied knowledge will be moderated by the stage of the NPD process. The above variables will have more impact in the initial stages of the project than in the later stages.
Innovativeness of the Product:
The finding in the group intelligence literature that groups perform better than individuals in tasks that require creativity (Williams and Stemberg, 1988) also suggests another moderating variable -Innovativeness of the product. Heany (1983) has proposed that new products can have varying degrees of innovativeness. The most innovative level is the one that competes across categories (Lehmann 1994 ). At the least innovative level the new product probably has one or more new attributes -tangible or symbolic. By definition, the more the innovative the product, the more the creativity that goes into its development.
Also, the more the innovative the product the more the need for different kinds of expertise (Chi, Glazer and Farr 1988) . Thus, methods to manage knowledge among a group of experts would be more crucial in a innovative setting (Riggs, Goodman, Finley and Miller 1992) . The extent of embedded knowledge and the difficulty of its conversion to embodied knowledge is minimal for minor makeovers; whereas the opposite is true for "really" new products.
Empirical evidence from our interviews support this contention:
"The more complex the task the more you need to talk to people." "If you are in a commodities market where it's just another generation of a , then trust is not as important. The higher the risk, the more you need to have trust among the people." Hence we propose:
The impact of the above variables on the efficiency with which embedded knowledge is converted to embodied knowledge will be moderated by the degree of I~movntive~~ess of the product. The above variables will have more impact the more the innovative the product. Table 1 About Here ____________________~~~~~~~~~~~~~~~~~T he notion of "how organizations do things" as a source of competitive advantage is being received more readily now, as evidenced by the current popularity of the resource-based perspective (Werner-felt, 1984; Barney, 1991; Mahoney and Pandian, 1992) and associated constructs such as core competence (Prahalad and Hamel, 1990) . How new products are developed can therefore be a source of competitive advantage (Wheelwright and Clark, 1992) .
The theoretical framework (see Figure 1 and Table 1 ) advanced here has several implications for the development of an organizational NPD capability. For example, based on an epistemological perspective of NPD, we have argued that Past Experience with NPD teams is important in successfully developing new products. This suggests that it may be worthwhile for organizations to have a structure wherein one or more teams are dedicated to developing new products. Note that in the propositions related to trust we argued that it was more important for team members to have trust in other team members' Team Orientation (and hence their ability to get the job done, perhaps even by calling on outside resources) rather than their technical ability to do the job done themselves. Therefore, it might not be more effective to create teams for each new product to be developed based on selecting individuals with maximum individual professional Competency. Or in other words, the notion of having teams that are dedicated new product development might be a feasible idea (design centers vis. Olson, Walker and Ruekert 1995) . At the very least, the NPD team could retain some "core" managers across projects, with other individuals entering and leaving the team as and when their particular expertise is required.
The construct of Shared Experience also has broad implications for management. At the most basic level, it underscores the importance of a distinctive and widely shared set of beliefs and practices that comprise the organization's culture. If the team members share this cultural "substrate", they have potential access to a set of commonly understood symbols and mythologies that will facilitate the task of articulating and transferring tacit knowledge. Crossfunctional experience within a common cultural framework provides for an appreciation of functional "sub-cultures" and their associated languages. However, excessive levels of Shared Experience should be avoided by actively seeking out outside influences through means such as hiring middle managers from other companies, strategic alliances, and so on. Another important implication has to do with NPD efforts that spread beyond the single organization. For example, when suppliers are involved in NPD, it is important to ask how well their engineers can communicate with in-house engineers. Similarly, in an NPD effort between strategic alliance partners, there is a need to identify and capitalize on the commonality of experience that may exist between team members, despite their differences in background.
Information Redundancy also has clearly significant implications for the design and management of the cross-functional team. Since complementarity of expertise is a key rationale for forming the cross-functional team, there may be a tendency for team members to leave seemingly functional decisions entirely to the appropriate counterparts. However, such a policy would negate the potential benefits of the mingling of functional perspectives. Thus, actively encouraging the sharing of even seemingly functional information can be beneficial to the team.
At the same time, such sharing of information should not degenerate to a "watering down" of functional responsibility. As the proposition regarding the Nascency of the project suggests, after the problem has been well defined in terms of the specifications of the product, individual functions take over to do their part of the job. This is essential in getting the project completed in a timely manner. Or in other words, both differentiation and integration is required in a crossfunctional team engaged in NPD. The skill of the team designer and manager comes in balancing these conflicting objectives.
The above discussion raises some significant questions about the optimal way of organizing the NPD effort, especially in a global context. Over the last few years, there has been a trend towards creating "virtual" MDTs that are distributed across several cities or even continents. Driving this trend have been strategic factors such as the creation of competency zenters (which may need to work together on specific projects), as well as more tactical goals such as taking advantage of time differences among team members' locations. However, systematic evidence is now beginning to develop that such "virtual" MDTs may not be the best vehicles for NPD (Datar, Jordan, Kekre, Rajiv, and Srinivasan, 1994) . In the practical world, too, there are indications that this trend may have been carried too far--consider GE's current attempts to bring together far-flung NPD staff in "one-coffee-pot" teams. Our framework suggests some reasons why this trend may continue to gather force. Direct, frequent and informal communication also helps in overcoming the problem of how much information to share. By "just being there" team members pick up information which might not have been communicated formally.
One of the intriguing research possibilities suggested by or framework of NPD is to combine the knowledge management perspective with the network perspective (e.g., Nohria and Eccles, 1992) in opening a new line of inquiry into NPD team effectiveness.
By providing a well-established toolkit for mapping relationships among NPD team members, the network perspective will allow us to systematically investigate how successful teams differ from less successful ones along the dimensions described here. Apart from the implications for marketing and organization pointed out above, our framework has potential significance for the study of regional and national competitiveness. For example, Porter (1990) has suggested that the geographical clustering of related and supporting industries is often a prerequisite for global competitive advantage. Such geographic clustering, as illustrated by Silicon Valley, provides the infrastructure for the knowledge syndication process we have described in this paper.
To summarize, we have argued that embedded knowledge is a useful construct in the analysis of NPD as knowledge management, and demonstrated its value by applying it in the context of cross-functional teams. Validating the notion of embedded knowledge and its role in organizational effectiveness of NPD processes can eventually lead to the development of managerial routines for the effective integration of functional knowledge. Since the focus of these routines will be the socially complex aspects of organizations, they can potentially form the basis of distinctive competencies that competitors will fmd difficult to imitate (Reed and DeFillippi, 1990) . Thus, developing the idea of embedded knowledge and its implications for NPD can point the way for sustainable competitive advantage in the global marketplace.
